Signal statistics of the radar echoes:  Angle-of-arrival statistics, part 2.2A by Rottger, J.
2.2A SIGNAL STATISTICS OF THE RADAR ECHOES - ANGLE-OF-ARRIVAL STATISTICS 
J. Rottger* 
EISCAT S c i e n t i f i c  Association 
981 27 Kiruna, Sweden 
The s t a t i s t i c a l  cha rac te r i s t i c s  of r ada r  echoes were invest igated by 
severa l  groups s ince  the  ear ly  days of VEF r a d a r  observations. Essen t i a l ly ,  t h e  
power, amplitude and phase d i s t r i b u t i o n s  a s  wel l  a s  the d i s t r i b u t i o n  of power a s  
a funct ion of frequency (power spectrum analys is)  were studied extensively. This 
l e d  t o  a b e t t e r ,  but not y e t  exhaustive, understanding of the  processes leading 
t o  the VHF radar  echoes from the l w e r  and middle abnosphere, and it i s  now 
f a i r l y  wel l  es tabl ished t h a t  volume sca t t e r ing  a s  we l l  as  Fresnel sca t t e r ing  and 
r e f l e c t i o n  occur. 
It was noted e a r l i e r  t h a t  Doppler spectra,  measured with a v e r t i c a l  antenna 
bean, a r e  characterized by essen t i a l ly  two d i f fe ren t  kinds of d i s t r ibu t ions  
(e.g., ROTTGER, 1980; GAGE e t  al.,  19811, one has a very narrow and the  other a 
broad spec t ra l  width. The former i s  accepted a s  due t o  r e f l e c t i o n  whereas the  
l a t t e r  i s  due t o  scat ter ing.  It can happen t h a t  both kinds of spect ra  a r e  
observed simultaneously, a s  shown i n  Figure 1. Superimposed on a f a i r l y  broad 
Gaussian s igna l  spectrum, very narrow s igna l  spikes a r e  evident. The spikes can 
be even more d i s t i n c t l y  seen i n  the  spect ra  of Figure 2, computed f o r  a 6-times 
shor ter  in teg ra t ion  period (80 6). 
Since the  height resolut ion during these  experiments was 150 m and the 
s igna l  amplitude changed d r a s t i c a l l y  between adjacent range gates  (Figures 2 and 
3 ) ,  it is  very unlikely t h a t  these echoes a r e  due t o  volume scat ter ing.  Thdy 
a r e  r a t h e r  due t o  r e f l e c t i o n  from a t h i n  sheet  or s t ep  i n  r e f r a c t i v i t y ,  being 
much narrower than the range ga te  of 150 m (reference a l so  HOCKING and ROTTGER, 
1983). The spikes i n  the spectra of Figure 2, howwer, cannot be explained by 
r e f l e c t i o n  from a f l a t  and smooth discont inui ty .  The sheet must be r a t h e r  tough 
o r  corrugated, and r e f l e c t i o n  from several  subregions of the sheet i s  expected, 
a s  shown i n  Figure 5. Because the spikes occur a t  d i f f e ren t  Doppler 
frequencies,  the subref lectors  have t o  be assumed t o  move with d i f f e r e n t  r a d i a l  
ve loc i t i e s .  
To experimentally ve r i fy  t h i s  reasonable assumption, i t  i s  proposed t o  
measure the  angle of a r r i v a l  of the d i f f e r e n t  s ignal  re turns .  One can here  make 
use of the e s sen t i a l  advantage t h a t  the spikes can be f i l t e r e d  i n  frequency 
(ca l l ed  Doppler sortening or sharpening). By means of the crossispectrum 
ana lys i s  with the interferometer technique (measuring phase di f ferences  between 
spaced antennas, a s  described i n  the paper "Improvanent of v e r t i c a l  veloci ty  
measurenents" by J. Rottger, Chapter 3, t h i s  volume), t h e i r  angle of a r r i v a l  can 
be measured. This w i l l  a l l w  determination of the d i s t r i b u t i o n  of the angles of 
a r r i v a l .  Knowing the Doppler s h i f t  and the  a r r i v a l  angle of the whole se t  of 
r e tu rns  (sor ted by Doppler frequency, i.e., r ad ia l  veloci ty)  y ie lds  a s e t  of 
n l,...,N equations (N = number of evaluable spikes):  
V m  = v',, + Uo cos 6*n + Wo s i n  6*,. 
The solut ion (e.g., regression analys is)  w i l l  lead t o  the mean hor izonta l  and 
v e r t i c a l  v e l o c i t i e s ,  the tilt and the  aspect s e n s i t i v i t y  of the i l luminated 
area. It a l s o  would support the hypothesis t h a t  the r e f l e c t i n g  sheet  i s  
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Figure 1. Doppler spectrum of s ignal  measured with v e r t i c a l  
antenna bean and 150 m height resolution.  averaged over 
8 min (from ROTTGER, 1980). 
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Figure 2. Doppler spect ra  computer from an 80 s time se r i e s .  
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corrugated. The determination of the mean v e l o c i t i e s  by t h i s  method a l s o  allows 
t e s t i n g  of Brigg's hypothesis (1980) t h a t  the  Doppler beam-swinging method (DBS) 
i s  i n  p r inc ip le  s imi lar  to the spaced antenna-drif ts method (SAD). 
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Measuring the  va r i a t ion  of the a r r i v a l  angle d i s t r i b u t i o n  as  a function of 
time w i l l  a l s o  allow tes t ing  of the hypothesis (GAGE e t  al.,  1981) t h a t  the 
- specular r e f l e c t i o n  point moves with respect t o  d i f fe ren t  phases of gravi ty  
waves which may modulate the r e f l e c t i n g  sheet. There may even be atmospheric 
waves of d i f f e ren t  periods involved i n  t h i s  process, as  indicated i n  Figures 3 
and 4. The amplitude time se r i e s  i n  Figure 3 shows evident o s c i l l a t i o n s  a t  
periods of about 10 s, which may be because of,  a Benard c e l l u l a r  s t ruc tu re  of 
the  r e f l e c t i n g  sheet moving through the radar  beau, causing focussing and 
defocussing (SHEEN e t  a l . ,  19841, and correspondingly a l s o  changes of the 
a r r i v a l  angle ( to  be experimentally proved). The long-period ("10 min) 
o s c i l l a t i o n  wen i n  the Doppler spectra of p l o t  of Figure 4 a l s o  causes a varia- 
Figure 3. Amplitude time series for different 
beight range gates. 
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Figure 4. DoppIer spectra plots (from ROTTGER. 1980). 
Figure  5. Re f l ec t ions  from sub-areas of a  corrugated 
shee t  of r e f r a c t i v e  index change, moving wi th  the 
mean ho r i zon ta l  v e l o c i t y  Uo and the  mean v e r t i c a l  
v e l o c i t y  W ; add i t i ona l ly  a random ( tu rbu len t )  
component V R t  (due t o  f l u c t u a t i o n s  of Uo and 
Wo) i s  assumed. , 
t i o n  of t he  s igna l  amplitude. The period of t he  amplitude v a r i a t i o n  would be 
h a l f  t he  period of the  v e l o c i t y  o s c i l l a t i o n  i f  the specular  point  moves out of 
t he  antenna beam (GAGE e t  a l . ,  19811, but it should be equal t o  the  wave's 
- v e l o c i t y  period f o r  f  ocussing/def ocussing. A long-period v a r i a t i o n  of the  
ampli tude i s  a l s o  evident  i n  F igure  3. The measurement of t he  d i s t r i b u t i o n  of 
-.  - - -  A 
a r r i v a l  angles  w i l l  y i e ld  a d d i t i o n a l  information on these two e f f e c t s .  
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